Hypothesis: Multiple organ dysfunction (MOD) within 48 hours of injury is a reversible physiologic response to tissue injury and resuscitation.
P
OSTINJURY MULTIPLE ORGAN failure (MOF) is a leading cause of late postinjury deaths and morbidity despite more than 25 years of intensive study. [1] [2] [3] The etiology is proposed to be a result of uncontrolled systemic inflammation leading to secondary organ injury and dysfunction. 4 Clinical manifestations can range from a mild systemic inflammatory response to overt organ failure. The initial magnitude of the postinjury inflammatory response is dependent on the amount of tissue injury, the degree of shock, and the presence of host factors such as age and comorbid disease. We developed an MOF scale in 1987 as a descriptive end point for clinical studies. 5 A slightly modified scale (the Denver MOF scale) has since been used in generating predictive models of postinjury MOF based on early physiologic responses to injury and resuscitation. 1, 6, 7 Our definition of MOF did not include organ dysfunction scores obtained within 48 hours of injury because it was thought that organ dysfunction during this period reflects reversible derangements induced by the inciting event or incomplete resuscitation.
Cryer et al 8 have recently questioned this rationale in a study of patients at high risk of developing postinjury MOF where it was concluded the MOF was established within 24 hours of injury. Recognizing differences in study design, this article prompted us to reevaluate our definitions of postinjury MOF. We undertook this study to define the relationship between multiple organ dysfunction (MOD) that occurs during resuscitation and MOF that persists beyond the resuscitation period. We hypothesized that organ dysfunction during resuscitation is not postinjury MOF.
METHODS
Trauma patients admitted to the Rocky Mountain Regional Trauma Center surgical intensive care unit at Denver Health Medical Center, Denver, Colo, were studied prospectively from 1992 until September 2003. The Denver Health Medical Center is a state-designated level I trauma center verified by the American College of Surgeons Committee on Trauma, Chicago, Ill. Inclusion criteria were having an Injury Severity Score (ISS) higher than 15, surviving more than 48 hours after injury, being admitted to the surgical intensive care unit within 24 hours of injury, and being 16 years and older. Patients with isolated head injuries were excluded. Daily physiologic and laboratory data were collected through surgical intensive care unit day 10, and clinical events were recorded thereafter until death or hospital discharge. The data collection and storage processes were in compliance with Health Insurance Portability and Accountability Act of 1996 regulations and were approved by our institutional review board. The database was maintained on an IBM-compatible computer using Microsoft Access 97 (Microsoft Corp, Redmond, Wash).
Organ dysfunction was defined using the Denver MOF scoring system. 9 In brief, 4 organ systems (pulmonary, hepatic, renal, and cardiac) were evaluated daily throughout the patient's intensive care unit stay and organ dysfunction was graded on a scale from 0 to 3 ( Table 1 ). The pulmonary score was simplified to assign a dysfunction grade based on the partial pressure of carbon dioxide-fraction of inspired carbon dioxide ratio. 10 The values that determine the division points have been adjusted for altitude by multiplication of the value by the ratio of atmospheric pressure in Denver to that at sea level (630 mm Hg:760 mm Hg). The MOF or MOD score was calculated as the sum of the simultaneously obtained individual organ scores on each hospital day. Single organ failure was defined as an organ failure grade greater than 0, and MOF was defined as a total score of 4 or higher. Postinjury day 0 was defined as the first 24 hours following injury. An MOF score within 48 hours of injury was defined as MOD. For patients who died before postinjury day 10, the MOF score on the day of death was carried out to day 10.
Statistical analyses were performed using SAS for Windows (SAS Institute, Cary, NC). Categorical variables were compared using a 2 test with the Yates correction for continuity or the Fisher exact test when expected cell values were smaller than 5. For continuous variables with normal distribution, analysis of variance or t tests (with the appropriate modification when the assumption of equal variances did not hold) were used. Continuous variables without a normal distribution were analyzed using the Wilcoxon Two-Sample Test. PϽ.05 was considered significant. The predictive power of the initial organ dysfunction for subsequent MOF was evaluated by calculating its sensitivity, specificity, and predictive value.
RESULTS
Data were collected on 1277 patients during a 10-year period ending September 2003; 921 (72%) were men, and the mean age ± SD was 37.3 ± 16.5 years. Blunt mechanisms accounted for 72% of injuries with an overall ISS of 37.3±16.5. The mortality rate was 9% (110 patients). Three hundred seventy-five patients (29%) had at least 1 daily MOD score of 4 or higher. The distribution of MOD scores 4 or higher according to ISS is shown in Figure 1 . Seventy-two (17%) of 430 patients with ISSs between 16 and 25 had at least 1 MOD score of 4 or higher. Characteristics of patients who developed an MOD score of 4 or higher are compared with those who did not in Table 2 . Patients who developed an MOD score of 4 or higher during the study period were older, more se- verely injured, and received more blood in the first 12 hours following injury. Mortality was also higher among patients with an MOD score of 4 or higher.
The temporal distribution of the onset and prevalence of MOF according to postinjury day is shown in Figure 2 . The onset is defined as the day on which the first MOF score of 4 or higher occurs. The onset occurred within 48 hours in 209 patients (56%) who developed an MOF score of 4 or higher. The purpose of this study was to define the relationship between organ dysfunction that occurs during resuscitation and organ failure that persists once resuscitation has been completed.
Our previous work defined the resuscitation period limit as 48 hours postinjury. To distinguish MOF during the resuscitation period from the postresuscitation period, we use the term MOD to denote an MOF score of 4 or higher occurring within the resuscitation period and MOF to denote an MOF score of 4 or higher occurring after the resuscitation period. Table 3 presents the relationship between MOD and MOF using this definition in a 2 ϫ 2 contingency table. Although 2 analysis shows a strong relationship between MOD and MOF (PϽ.001), the sensitivity or proportion of patients with MOF that had antecedent MOD was only 45%, and the positive predictive value or the proportion of patients with MOD that progressed to MOF was only 64%. Table 4 presents the effect of varying the resuscitation time limit by 24-hour increments from 24 hours to 96 hours. The sensitivity and the negative predictive value increased while the specificity and positive predictive value decreased as the resuscitation time was extended.
The trends in Table 4 are not unexpected because increasing the resuscitation time allows larger numbers of patients with MOD and decreases the number of patients with MOF. Alternatively, Table 5 compares the effects of increasing the resuscitation time on the presence of MOF on or after postinjury day 3. In this table, MOD denotes an MOF score of 4 or higher occurring within the resuscitation time specified in the table, while MOF96 denotes an MOF score of 4 or higher present on or after 96 hours postinjury. The sensitivity increased and the specificity decreased as the defined resuscitation time was extended. However, there was no change in positive and negative predictive values as the resuscitation time was extended.
Results from Table 4 and Table 5 demonstrate that a significant proportion of patients with MOD will have the condition resolve within 72 to 96 hours following injury. To examine this further, we followed the course of MOF in patients who developed an MOF score of 4 or higher within 48 hours of injury through postinjury day 10. an MOF score of 4 or higher within 48 hours of injury, 75 (36%) had MOD resolve within 72 hours and 93 (44%) had MOD resolve within 96 hours.
Finally, we compared the characteristics of patients who developed MOD that progressed to MOF with those with MOD that had resolved within 48 hours following injury. Table 6 shows that there were no differences in sex, age, or ISSs between the 2 groups. Patients who progressed from having MOD to having MOF tended to receive more units of blood during the first 12 hours of resuscitation than the patients whose MOD resolved within 48 hours (P = .059), although the proportion of patients receiving 1 or more units of blood during the first 12 hours was not different. Mortality was higher among patients in whom MOD progressed to MOF.
COMMENT
The working definition of MOF that we developed previously did not include MOD scores obtained during the first 48 hours following injury because organ dysfunction during this period was thought to reflect the host response to injury and effects of incomplete resuscitation. 5 As a result, we were potentially ignoring a population of patients with MOF that resolved within 48 hours. In this study, we considered an MOF score of 4 or higher at any time during the first 10 days following injury to define postinjury MOF. The onset of MOF occurred within 48 hours of injury in 209 patients (56%) who developed an MOD score of 4 or higher during the study period. Cryer et al 8 found similar results in a study of high-risk patients where 67% of those with a maximum daily MOF score of 3 or higher had an MOF score higher than 0 within 24 hours of injury. While we do not consider MOF scores lower than 4 to represent MOF, the study by Cryer et al illustrates the finding that organ dysfunction after injury often begins early in the hospital course of the severely injured patient.
Risk factors for postinjury MOF include age, injury severity, degree of shock, and blood transfusion. 6, 11 Although the risk of postinjury MOF increases with injury severity, a significant proportion of patients who develop MOF have moderate injuries (ISS, 16-25). 12 In this study, we found that 72 (17%) of 430 patients with an ISS indicating moderate injury developed an MOF score of 4 or higher within 10 days of injury. In contrast, 303 (36%) of 847 patients with an ISS of 25 or higher developed an MOF score of 4 or higher within 10 days of injury. This risk is increased to 46% if more than 6 U of blood are transfused during the first 12 hours of resuscitation. 6 Nonetheless, patients with moderate injuries account for 34% of the population at risk and 17% of the cases of MOF.
Organ dysfunction during resuscitation does not invariably progress to MOF beyond the resuscitation period. The difficulty then is to distinguish between transient organ dysfunction that occurs as a result of injury and resuscitation from durable organ failure that persists once shock is reversed and homeostasis is reestablished. Defining the end point of complete resuscitation based on clinical parameters continues to be debated in the literature. However, most strategies attempt to meet resuscitation goals within 24 hours of injury. In this study, we defined resuscitation periods according to postinjury days. We varied the time limits for resuscitation in 24-hour increments and found that moving the limit closer to injury decreases the proportion of patients who develop MOD during the resuscitation period and increases the proportion of MOF following resuscitation. Since the total number of patients with an MOF score of 4 or higher remains constant, the net result is an increase in sensitivity and negative predictive value with a concomitant decrease in specificity and positive predictive value. Specificity and negative predictive value remain high because the majority of the patients (902 [71%] of 1277 patients) had daily MOF scores lower than 4 at all times during the first 10 days following injury. Although the value of MOD for predicting MOF (positive predictive value) was highest for the 24-hour time limit, the sensitivity was only 14%. If used as a predictive test, a patient with MOD during the first 24 hours has a 75% probability of developing MOF. However, only 14% of patients with MOF will have had MOD during the first 24 hours following injury. Thus, a screening test for MOF based only on an MOF score of 4 or higher within 24 hours of injury would miss the 76% of MOF cases where onset occurs after 24 hours.
One problem with this method is that the predictive power of the initial organ dysfunction for subsequent MOF relies on a variable time definition that affects both the resuscitation and postresuscitation periods simultaneously. As an alternative, we considered the effect of varying the resuscitation time limit on predicting the presence of MOF at or after 96 hours from injury. Results are similar in that sensitivity increases and specificity decreases as the resuscitation time is extended and the negative predictive value remains relatively high. However, the positive predictive value remains relatively constant near 50%. This illustrates that MOD will resolve in half of the patients within 96 hours of injury.
Of the 209 patients with MOD, 121 (58%) had improved before the second postinjury day and 75 (36%) remained free of MOF until postinjury day 10. Fortyseven patients who initially improved worsened at some point before postinjury day 10. Thus, although almost 60% of patients with MOD improve by the second postinjury day, many develop MOF within 10 days. This may represent the resolution of MOD and subsequent development of late MOF owing to a second insult such as pneumonia or sepsis. Alternatively, this may reflect a deficiency in the MOF scale where a patient with organ dysfunction falls below the MOF threshold. Patients with MOD that resolved within 48 hours did not differ in sex, age, injury severity, or blood transfusion requirements in the first 12 hours following injury. Further study is needed to delineate risk factors that are associated with the progression of MOF beyond the resuscitation period.
In summary, MOD that develops during the first 48 hours following injury often resolves during the resuscitation period. Moreover, organ dysfunction during resuscitation is not a prerequisite for subsequent development of MOF. While a strong relationship between transient organ dysfunction and postinjury MOF exists, organ dysfunction during resuscitation likely represents a manifestation of the postinjury hyperinflammatory response. The findings in this study support our prior definitions of postinjury MOF with respect to time of onset. 12 We submit that MOD that occurs within 48 hours of injury represents reversible physiologic responses to injury and resuscitation that have the potential for resolution once resuscitation is complete. I'd like to distill the data down into one very usable slide. I do want to congratulate the Denver group again on continuing to pursue this subject, because I think it is an extraordinarily interesting one. The data are intriguing, the numbers are large, and the description of the population is excellent. My only problem is that I come up with a 180-degree opposite conclusion. Let me amplify if I may.
Accepted for publication
They have identified early MODs within the first 48 hours as occurring in 209 patients. That means that of the population of 1277 patients, 1068 did not develop MODs. They have identified the 288 patients (23%) that developed multiple organ failure longitudinally across the entire study. Of those 288 patients, 134 were in the early MODs group. We see that 64% of the early MOD patients, in fact, develop multiple organ failure; if you didn't have early MODs, only 14% developed organ failure. I did a hand-calculated 2 in the back of the room and came up with 180; that is still a P value very, very much less than .001. At lunchtime, I tried to find a 2 table on the Internet and was unsuccessful, but I would certainly agree that that is a highly statistically significant variable. So I would say to the opposite of what has been presented, that a 64% probability of early MOD equaling ultimately MOF is pretty good. I'll take 64% to the racetrack everyday.
So I actually would suggest that early organ dysfunction is in fact a very significant variable in predicting that a patient is going to have organ failure for the balance of their course and would suggest that their data actually supports very nicely that of Dr Cryer's, which seemed to have stimulated this study. Now, obviously 154 patients did not have early MODs and 154 patients had other variables that were clearly responsible for these patients developing organ failure. Let me recount a few of those variables. Age; injury severity; shock; volume resuscitation; blood transfusions; specific injury of long bone, head 
